Background: While recent studies have reported modest to no difference in breast aesthetics for shaped and round implant types in breast augmentations, the anatomy and biomechanics in the setting of breast reconstruction is different. Objectives: Accordingly, we endeavored to evaluate whether two implant types impacted nipple position and aesthetic features in prosthetic breast reconstruction. Methods: A retrospective chart review was carried out on patients who underwent nipple-sparing mastectomy (NSM) with immediate tissue expander breast reconstruction. Patients were divided into two cohorts: smooth round implants and textured shaped implants. Postoperative photographs were evaluated to assess nipple displacement vis-à-vis a vector of maximal projection and aesthetic outcome for features of breast shape. Results: Of 102 breasts meeting the inclusion criteria, 41 had tissue expander-implant reconstruction with anatomical shaped implants, and 61 had reconstruction with smooth round implants. The shaped implant cohort had less nipple deviation from the point of maximal projection (3.69 ± 6.24 vs 7.52 ± 10.50; P < 0.0001). Graded semi-quantitative aesthetic scores were also higher (4.04 ± 0.67 vs 3.72 ± 0.93; P = 0.0044) in the shaped implants than in the round cohort. Conclusions: Unlike breast augmentation, there is a paucity of overlying breast tissue and larger dissected spaces in prosthetic breast reconstruction. Our analysis suggests that in this setting, textured anatomic implants result in less nipple deviation from the point of maximum projection and improved aesthetic outcomes compared to round implants. When considering implant choice in NSM reconstruction, the manifold risks of shaped textured implants must thus be informed by potential aesthetic benefits with respect to shape and enhanced nipple sensation.
Since the introduction of the nipple-sparing mastectomy (NSM) technique by Gerber et al in 2003, the indications for NSM have gradually expanded from prophylactic and small tumor scenarios to patients with larger or multi-centric tumors. [1] [2] [3] [4] [5] [6] [7] With the oncologic safety profile of the NSM well established and a greater number of patients pursuing the procedure, studies are turning focus towards aesthetic outcomes and variables that may affect the final cosmetic result. Preservation of the nipple-areola complex (NAC) is one such variable that improves breast cosmesis and positively impacts patients' well being. [8] [9] [10] [11] [12] [13] [14] The utilization of NSM and the corresponding emergence of anatomical breast implants after their FDA approval in 2006 has raised the benchmark for aesthetics following prosthetic based breast reconstruction (Figure 1 ). [15] [16] [17] [18] [19] Nipple positioning can be affected by a number of factors post-NSM. 12, [20] [21] [22] [23] [24] [25] Studies have indicated that malposition of the NAC in patients undergoing NSM with expander-implant reconstruction can be a significant problem if there is preexisting ptosis or a larger skin envelope. Moreover, the positioning and projection of the NAC achieved with tissue expansion can shift after permanent implant placement as the skin retracts and the implant settles. The reconstructive surgeon must therefore take into account all variables that may impact final NAC positioning and projection, including the type of permanent implant used.
Studies have shown that the NAC should be aligned with the level of maximal breast projection for optimal aesthetics. 13, [26] [27] [28] [29] Yet given the diversity of implant types available, it remains unclear as to whether round or shaped implants allow for this optimal alignment of the NAC. 30, 31 We therefore endeavored to analyze the geometric changes of NAC positioning and overall aesthetic outcome with respect to implant type in two-stage prosthetic breast reconstruction.
METHODS
Following approval from the Northwestern University Institutional Review Board, a retrospective chart review was carried out on all patients who underwent NSM with immediate tissue expander breast reconstruction with the senior author (J.K.) from July 2011 through October 2016.
Only patients who had completion of expander-implant exchange and photographic documentation of a postexchange follow up of at least one month were included in the final analysis. Demographic, surgical, oncologic, and photographic data were collected on each patient. This included age, body mass index (BMI), hypertension, diagnosed diabetes, active smoking status, and implant volume. All collected data were deidentified to comply with the Health Insurance Portability and Accountability Act of 1996 (HIPAA).
Four blinded members of the Division of Plastic Surgery, including two attending surgeons and two research associates, none of whom participated in the care of these patients, independently evaluated postoperative photographs for nipple position and aesthetic score. Aesthetic score, based on overall aesthetic result and upper pole contour, was assessed using a modified Likert scale ranging from 0 (poor) to 5 (excellent). Lateral photographs A B Figure 1 . Nipple position was determined by measuring the angle between nipple position and the point of maximal projection using a lateral view of breast on Adobe Photoshop. As demonstrated here, a vertical line was placed at the base of the breast to represent the underlying chest wall (Line AE). A line perpendicular to the chest wall was then drawn, extending through the vector of maximal projection (Line BC). A second vector line was placed extending from the chest wall to the nipple (Line BD). The angle between lines BC and BD was measured. Demonstrated on a 45-year-old woman, Figure 1A shows a 14.5-degree angle between nipple position and point of maximal projection, whereas Figure 1B shows alignment of the nipple with point of maximal projection.
were used to capture the displacement of the nipple from the point of maximal projection by measuring the angle between nipple position and the point of maximal projection using imaging software (Adobe Photoshop, San Jose, CA). Specifically, a vertical line was placed at the base of the breast to represent the underlying chest wall (Line AE, Figure 1) . A line perpendicular to the chest wall was superimposed as the vector of maximal projection (Line BC, Figure 1 ) and a second vector line was placed extending from the chest wall to the nipple (Line BD, Figure 1 ). The angle between vector lines BC and BD was measured, representing nipple displacement. Absolute value of this recorded angle was used for statistical analyses to account for both positive and negative deflections. Nipple position and aesthetic scores compared between patients with shaped (anatomical) implant and round implant cohorts using t tests. F-test was also used to evaluate differences in variance of nipple position between shaped and round. Interrater reliability was evaluated using both the correlation coefficient r and the coefficient of determination R 2 , comparing each individual raters values to the average value of all four raters combined. All analyses were performed with JMP software (SAS Institute Inc., Cary, NC).
RESULTS
A total of 118 breasts (69 patients) that underwent NSM and tissue expander-implant reconstruction met the initial screening criteria; 16 breasts (10 patients) were excluded for not having sufficiently rigorous photographic documentation. Of the remaining 102 breasts (59 patients), 41 breasts (24 patients) had tissue expander-implant reconstruction with anatomical shaped implants, and 61 breasts (35 patients) had reconstruction with round implants. Median postexchange follow up was 202 days (mean, 294.7 days; range, 30-951 days). The demographic, surgical, and oncologic characteristics for both groups are shown in Table 1 . Average age for the round implant cohort was 45.34 ± 7.54 years (range, 32-66 years), and average age for the anatomically shaped implant cohort was 42.23 ± 9.19 years (range, 26-67 years). Mean implant volume for the round implant cohort was 492.95 ± 79.70 cc (range, 300-800 cc), and mean implant volume for the anatomically shaped implant cohort was 511.62 ± 66.82 cc (range, 375-740 cc). Patients received full projection implants. Four different surgical oncologists were used (19 patients, 7 patients, 27 patients, and 2 patients, respectively). Incision location for mastectomies was inframammary fold (IMF). All of the reconstructions in this study were submuscular, and all started with an initial expander (all were Allergan MXT type [Parsippany, NJ]). All patients except for two (1 round, 1 shaped) had acellular dermal matrix in the primary reconstruction (96.6% total; 97.1% round, 95.8% shaped). The same clinical process was used for tissue expander inflation: the expanders were inflated to the patient's desired size or the anatomic limitation of the tissues as judged clinically, and implants were then chosen based on best fit after judicious capsulotomies are performed. This resulted in a slightly higher implant volume than the expander fill.
Age, hypertension, diabetes, active smoking status, and implant volume used for reconstruction were similar between both groups. BMI was slightly lower for the anatomically shaped implant cohort compared the round implant cohort (23.02 ± 2.10 vs 25.64 ± 5.45; P = 0.03). Eight patients from the round implant cohort and two patients from the shaped implant cohort received lateral capsulorrhaphy revision. In total, 34 out of 59 (57.6%) patients had fat grafting. Of the round implant cohort, 21 out of 35 (60%) had fat grafting. Of the shaped implant cohort 13 out of 22 (59.1%) had fat grafting (2 were not documented). There were six patients (10.2%) who experienced complications: four in the round implant cohort (11.4%) vs two in the anatomically shaped implant cohort (8.3%). For the round implant cohort, complications included infection (1 patient, 2.9%), dehiscence (1 patient, 2.9%), rupture (1 patient, 2.9%), implant migration (2 patients, 5.7%), seroma (1 patient, 2.9%), capsular contracture (3 patients, 8.6%), and implant removal and replacement (3 patients, 8.6%). For the shaped implant cohort, complications included infection (1 patient, 4.2%) and dehiscence (1 patient, 4.2%). Three patients had flap necrosis between stage 1 and stage 2 reconstruction: one of these patients received shaped implants in stage 2, while the other two received round implants. Evaluation for malrotation was visual, and no patients experienced malrotation in either group. Interrater reliability was measured by r and R 2 values comparing each individual rater to the average. For aesthetic scoring, these values ranged from 0.82 to 0.92 for r, and 0.68 to 0.85 for R 2 . For nipple position measurement, these values ranged from 0.93 to 0.97 for r, and 0.86 to 0.95 for R 2 . Results of t tests comparing nipple position and aesthetic score between shaped implant vs round implant cohorts are shown in Table 2 . In general, the shaped implant group had a smaller angle of nipple displacement from the point of maximal projection than the round implant group (3.69 ± 6.24 vs 7.52 ± 10.50; P < 0.0001). There was no significant difference in nipple position angle for left breast vs right breast within the shaped implant cohort (4.09 ± 6.49 vs 3.28 ± 5.99; P = 0.3822). Likewise, there was no significant difference in nipple position angle for left breast vs right breast within the round implant cohort (8.79 ± 11.51 vs 6.12 ± 9.09; P = 0.0630). F-test further demonstrated a significant difference in nipple position variance (P = 0.0234) between shaped and round. The shaped implant group had significantly higher aesthetic scores than the round implant group (4.04 ± 0.67 vs 3.72 ± 0.93; P = 0.0044).
We identified 9 breasts (6 patients) that underwent conversion from round implants (placed at expander-implant exchange) to shaped implants. The average time at which patients converted from round to anatomic implants was 106.8 days (range, 40-477 days). Delta analysis revealed that the switch to anatomic implants resulted in a smaller average angle of nipple displacement from the point of maximal projection (mean delta of −2.92 ± 1.03) and higher average aesthetic score (mean delta of 0.64 ± 0.42) ( Table 3) .
DISCUSSION
Studies have shown that aesthetic outcomes of breast reconstruction contribute to patients' quality of life and satisfaction following breast cancer treatment. 32, 33 Therefore, any opportunity to improve postreconstruction cosmesis is important. The advent of the NSM and introduction of anatomically shaped implants have presented two such opportunities. However, preservation of the NAC in NSM further introduces the variable of nipple positioning in addition to traditional elements of shape, size, and symmetry.
Our study quantitatively evaluates nipple positioning in shaped vs round implants following NSM with prosthetic reconstruction. Forte et al analyzed immediate changes in breast projection and nipple position using different implant shapes and volumes in cadaveric specimens who had prior breast augmentation. 34 Their study found that nipple to inframammary fold distance was increased with shaped implants compared to round for all implant volumes. It was limited, however, in that cadavers were used as opposed to living patients, and the authors immediately evaluated breast measurements, which inherently does not take into account long-term changes.
Likewise, a recent randomized controlled trial by Hidalgo and Weinstein used intraoperative photographs to compare shaped and round implants in breast augmentation procedures. 35 The study found that plastic surgeons and lay individuals reported no difference in breast aesthetics between the implant types in 43.6% and 29.2% of cases, respectively. When a difference was observed, neither plastic surgeons nor lay individuals preferred the shaped implant more often than the round. 35 However, these findings may not necessarily be applicable in breast reconstruction, where there is no bulk of intact breast tissue to mask the implant characteristics. Given that the mastectomy flap is invariably thin, prosthetic reconstruction patients represent the purest translation of implant shape to "breast" shape since there is no intervening breast tissue to obscure the implant. Patients undergoing prosthetic reconstruction must also deal with a confluence of unique factors, including tissue creep with tissue expansion, skin retraction after implant placement, scarring, and settling due to gravitational forces. All of these variables can make it difficult to control or predict nipple positioning in this population. Neither the Forte 34 nor Hidalgo 35 study specifically measured nipple angles with reference to maximal projection point of the breast. We therefore endeavored to perform a specifically quantitative analysis on the impact of implant type on nipple positioning and overall aesthetic outcome in the setting of reconstruction following NSM. A minimum follow up of one month was chosen due to the fact that with thin mastectomy flaps there is little swelling, and acute stabilization of the implant occurs quickly-separate from the point of long-term shift or rotation which can occur at varying time points postexchange. Yet though the minimum was one month, the mean was almost one year, so most patients accordingly had much longer follow up.
The results of our study reveal that there is less nipple deviation from the point of maximal projection with anatomical implants than with round implants (P < 0.05). The shaped implant cohort also had a slightly higher average aesthetic score than the round implant cohort (P < 0.05), which aligns with the prior literature suggesting that a NAC located at the maximum point of projection on the breast is more aesthetically pleasing. 13, [26] [27] [28] [29] The subgroup analysis further confirmed these findings, as replacing round implants for anatomically shaped ones resulted in a nipple position closer to the maximal point of projection of the breast and a higher average overall aesthetic score.
Though round implants are more commonly used worldwide, Mallucci and Branford postulate that anatomically shaped implants are more likely to create a more favorable ratio for upper pole to lower pole distribution, which they define as a key parameter for the ideal aesthetic breast. 36 Shaped implants may also be more likely to have a nipple positioned close the point of maximum projection based off of their structural design. Specifically, the point of maximum projection of the shaped implant is located on the lower (inferior) half of the implant rather than on the midpoint of the prosthesis as seen with round implants (Figures 3, 4 and Supplemental Figures 1 to 2 , available as Supplementary Material online at www.aestheticsurgeryjournal.com). The natural lay of the NAC after mastectomy may fall more in line with the point of maximum projection in the shaped implants than with the round. Greater crosslinking of the added gel in shaped implants causes typically gelatinous silicone gel to become firmer than usual, providing a more cohesive internal composition as A B Figure 2 . The see-saw effect. The implant moves along a trajectory of least resistance while at the same time the skin envelope and nipple drape in the opposite direction. (A) With a smooth round implant, this movement of the implant is facile; (B) with a textured shaped implant, such movement is impeded and there is less angular deviation of the nipple relative to the point of maximal projection. a result. 16 Anatomical implants may thus be able to maintain their preformed shape better than round implants over time as scarring and skin retraction settle in. Another important difference between the round and shaped implants is the texture on the surface of the implant. The shaped implants have a texture, which is needed to minimize the risk of rotation [37] [38] [39] [40] and may also allow the implant to resist migration. This may explain the higher rate of capsulorrhaphy revision seen in the round implant cohort. Whether in reconstructive or cosmetic breast surgery, the texture of the shaped implant may prevent displacement of the implant relative to the overlying soft tissue. Unlike a textured implant, a smooth implant will shift along the trajectory of least resistance while concomitantly the skin envelope with the nipple will generally settle with gravity in a more naturally inferior or ptotic direction. If the implant is impeded from going lower due to the inframammary fold and there is resistance-less space in the upper pole, then the implant will migrate upwards over time while the soft tissue envelope settles in the opposing direction-in essence, creating a "see saw effect" (Figure 2 ). With such diametric vectors of implant and skin movement, the smooth round implant is therefore prone to more angular deviation of the nipple relative to the point of maximal projection.
The preformed teardrop shape seen in the anatomic implants further mimics the ideal youthful breast shape and likely contributes to the higher aesthetic scores seen in this cohort as well ( lower revision rates and higher patient satisfaction than their round counterparts in the setting of reconstruction. [41] [42] [43] [44] 
Limitations
There are limitations to our investigation. First, our data are only for a single surgeon with limited sample size. These findings can therefore serve as the basis for future multi-institutional studies. Although our R-squared values suggest good interrater reliability, measurements and grading are subject to human error. The median postexchange follow up in this study was 202 days (mean, 294.7 days; range, 30-951 days), and while this supersedes the follow up for most other studies in the literature, some additional changes to nipple position may potentially occur over longer time periods. Patients received full projecting implants, and the point of maximal projection of the implant was always aligned as best as possible to the maximal projecting point of the nipple/skin envelope (directly retro-nipple). Fat grafting can affect the overall shape and contour of the breast as well as the aesthetic result. 45 However, the technique and clinical manner of fat grafting did not differ between implant cohorts in our study. Another potential limitation is the mode of measurement of the maximal projection. Three-dimensional imaging may provide a more accurate representation of maximal projection and future studies would benefit from this modification of measurement. An important limitation is that our study was not randomized, and so the decision to use anatomic vs round implants is a priori the start off for the analysis. The purpose of our investigation was not to study why a specific implant was chosen but rather how a given implant affected several anatomic variables in a relative steady state environment. Unlike a primary augmentation tissue environment, the mastectomy flap at the time of expander exchange is a semifixed environment due to the capsule itself already having been largely molded by the expander that had already been in place for at least several months. Hence the further movement and change of the nipple position can be more precisely attributed to the effect of the implant and its position. In contrast, in primary augmentation, there is the added variable of the movement of the nipple and breast skin relative to the underlying breast stroma. In a thinner mastectomy flap the nipple, skin and some vestigial dermis-subcutaneous tissue are all that remains and there is no play between skin and breast, per se. Moreover, the core objective of this study was to investigate the aesthetic impact of implant type in two-stage expander reconstruction. Higher powered, multi-institutional studies have delineated more precisely the comparative complication profiles of round vs shaped implants. 46 Nonetheless, it remains difficult to ascertain exactly how much of the point of maximal projection is due to shape and how much is enhanced positional stability due to texturing. The shaped implant likely provides more robust mechanical thrust for projection, but the nuance of texture would then allow that implant to retain position. It is possible that a sufficiently projecting round textured implant with concomitant internal stiffness, positioned correctly so that the landed maximal projection of the implant is behind the nipple, would recapitulate the putative benefit of a shaped textured implant (the persistence of this effect may erode over time which is why our median follow up is longer). However it certainly stands to reason that future iterations of this analysis would evaluate and quantify maximal projection and nipple displacement with textured and appropriately projected round implants. An additional evolving nuanced anatomic environment would be to examine the impact of implant type in the setting of direct-to-implant and prepectoral reconstructions as well-since the anatomic pocket will be different, we may expose some additional divergence in outcomes of the two implant types.
Finally, as mentioned in the Introduction and Methods sections, this is a detailed analysis of one axes of implant outcome. It is not meant as an endorsement or indictment of an implant type since we are not examining the many elements of risk and cost that also inform the surgical decision-making process. Textured anatomic implants have well-documented risks that may be related to rotation, infection, and very remote neoplastic stimulation and round implants may have risks associated with heightened rupture and upper pole hollowing. 47, 48 By detailing aspects of aesthetic utility, our study is intended to bring heretofore unexamined elements into the complex discourse of individualized implant selection in prosthetic breast reconstruction.
CONCLUSIONS
Our study evaluates nipple position and aesthetic outcomes with textured shaped implants vs smooth round implants in the setting of expander-implant NSM reconstruction. Quantitative analysis suggests that anatomic implants result in less nipple deviation from the point of maximum projection and improved overall aesthetic outcomes compared to round implants. Given the diversity of implant options in prosthetic reconstruction, these findings of relative utility can help better inform patient education and individualized surgical decision making.
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